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Abstract

Aerlal survey technlques are: known to be useful 1n

‘monltorlng and asse551ng pelaglc f1sh stocks whlch school near

the surface. In the Northwest Atlantlc capelln (Mallotus‘

v1llosus) schools have been surveyed u51ng aerlal colour

photography 51nce 1982. Follow1ng exten51ve comparatlve tests

conducted in 1989 we have replaced the photographlc method w1th

dlgltal 1magery collected by the Compact Alrborne Spectrographlc\

Imager (CASI) to conduct recent.surveys of capelin schools in

1990-93. The CASI is a recently developed instrument which can

be operated in’ spatlal and spectral modes. Features allow the -

operator to view the 1magery ‘as it is being collected in the
aircraft and to program the number, position, and widths of
spectral bands in flight. The digital data are recorded on 8 mm
video cassettes.which can be examined in near real time on a

PC-based image analysis system following each flight. Follow-up

. analysis including image classification and enhancement supports

the enumeration and areal estimate of fish schools. Some degree
of interpretation by field observers is still requiredlbut is
substantially less than required with aerial photography.
Weather continues to limit the frequency and duration of flights
however the CASI can detect and record fish schools in overcast:
condltlons when aerial gb;tography would- not have been‘fea51ble.
The. results of aerlal surveys us1ng CASI have been applled to .

support stock assessments of capelin. The CASI has also been

successfully used to detect herring schools.
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Introduction
Spawnlng biomass 1s estlmated annually from hydroacoustlc

surveys conducted on. pre—spawnlng flSh. Indlces of abundance

. based on commer01a1 catch rates and aerlal photographlc surveys
':conducted durlng the spawnlng season are. used to verlfy annual
' mature . blomass trends projected from acoustlc estlmates
.(Carscadden et al 1993). Aerlal photographlc surveys haye been

3conducted s1nce 1982.to monltor capelln (Mallotus v1llosus)

schools wh1ch odcur “in coastal waters (<25 m depth) in June and-

July prlor to spawnlng -on gravel beaches along the Newfoundland

coast. Survey transects 1n Trlnlty Bay and Conception Bay are

flown_daily"weather permitting (Fig. 1). 'Ekperienced observers

identify fish schools which are then photographed at known

)

altitudes. Once prints are developed the number and area of.fish

schools are measured. The total surface area of all schools

along a transect has been employed as an index of'relative‘

abundance 1n annual assessments of capelln stocks 1n NAFO DlV. 3L

‘since 1985 (eg. Nakashlma 1988).

Aerlal surveys prov1de more frequent and greater coverage of'
the coastline'than research vessel surveys,‘however aerial
photography 1mposes several llmltatlons on data collection and
data quallty. Aside from the obv1ous down time due to weather

restrlctlons,.colour aer1a1 photography 1s best conflned to sunny

.days when the sun angle is, between 25 and 45 degrees. At a

latltude of 4TN’the effectlve photographlc ‘time occurs at

0730-1100 and 1600-1930. Fish schools can not be readily



R school measured w1th a planlmeter.b Thls process is hlghly

.‘;
4.

dlstlngulshed from the background when photographs are too dark

or have too much sun gllnt. The’ quallty of the photographs are

:unknown until negatlves are developed typlcally several weeks
_after the capelln schools have spawned and mlgrated out of the

: nearshore areas. Thus lack of data due to poor.photography or

ilnadequate coverage can not be recovered. 'Capelin-schools on

photographlc prlnts are counted and the surface area of each

Subjective} time;cohsuming aﬁd”iaborlous, often requlrlng several
months before all schools are identified, counted and their areas’
measured._. ‘

' To overcome some of the restrlctlons associated w1th the
aerial photographic technique and to hasten the analy51s of
survey data, test flights were conducted which utilized a Compact
Alrborne Spectrographlc Imager (CASI) to digitally. 1mage capelln

schools during the 1989 spawning season.- Prellmlnary tests

cohducted on capelin_in July 1988 (Nakashima et al. 1989) and on

‘Pacific herring (Clupea pallasi) in March 1989 (Borstad et al.

1992) demonstrated that the CASI could be deployed to detect
pelagic fish schools. The results reported in this study
describe the detection process'and its potential application for
improving.the quaiity and use of airborhe spectrographic imagery
to aid in the assessment of capelin stocks in the northwest

Atlantic Ocean.



Material and Methods
Aerial survey m1551onsinere flown.between June 18 and

‘; July 4 1989 to collect CASI and photographic data on capelinb.‘

_schools., As an. example of the detection process one 1mage

Scollected .on June 18 1n Conception-Bay~has been chosen tovi'
:1llustrate the process. The-imagery was collected.at 457‘m
altitude above sea level using a Piper Chieftain. Coincident'~
'photographic data to- compare w1th CASI 1magery were collected
u51ng a ‘Ziess PMK photo-mapping camera with a 153 mm-lens-to
identify capelin and other features. :A11~aerial‘photographs wereA
developed from colour_negative film (Kodak Aerocolour Negative
2445 Film) which allows.some water penetration'(Nakashima 1988).

The CASI (Fig. 2) is an imaging spectrometer which uses a

_two.dimensional (612 X 288) cnarge couple device (CCD) ‘and ‘a
-diffraction grating to collect image and spectral ‘data (Borstad
et al. 199;). The CASI is a second generation 1mag1ng
spectrometer nhose predecessor was the Fluorescence:Line Imager -
(Borstad etval. 1995).~ At the time of.this study the CASI.was
operating in the range of 423 to 946 nm. A 512 pixel width
spatial image is formed.in ﬁpushbroom".fashion by reading out the
cross track 1nformation as the aircraft moves forward. The
remaining elements are used to obtain dark and electronic offset
_.reference values.f Spectral data are. collected across . 288
elements.in the along track dimension of the array. The spectralkA

resolution of each element is 1.8 nm and the spatial resolution



‘ 1magery 1s collected in several spectral bands whlch can ‘be

6
of each element is 1.2 rad. Integratlon tlmes are typlcally
50 msec for spatlal data and 100 msec for spectral data, the -

actual tlmes are a functlon of amblent llght levels, a1rcraft

'Espeed and band selectlons.

In spat1a1 or 1mag1ng mode the CASI operates llke other

pushbroom 1magers except that band w1dths, pos1tlons and nunmber:

"are programmable durlng the fllght. ngh spatial‘resolution

programmed-as narrow as 1.8 nm or w1der.‘ For aerlal surveys the'
nnmber‘of bands are 1imited to 15, iaboratory situations may have
up'288.hands. In this experiment, eight spectral bands in image'
mode were usedi

Band Width(nm)

1 2 ' 3 4 S 6 7 8

490-501 515-522 540-551 589-598  662-674  678-688 = 708-716  780-789

The band width.selections_were based on prior work with the

Fluorescence Line Imager (Borstad et al. 1985) and preliminary

analysis of CASI data collected from Pacific herring schools near °

Vancouver Island, British Columbia (Borstad et al. 1992). Band 8

was chosen to differentiate land and water interface, bands 5, 6,
and 7 were selected to map phytoplankton, band 4 was the region
where herring schools were first detected,"and bands 1, 2, and 3

cover the range of wavelengths where capelin schools were easily -

.recogniied from background features.
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In spectral or multispectrometer mode the. CASI operates a

group of llne spectrometers, each w1th a resolutlon of 1 8 nm.>

j”The CASI also collects a coreglstered monochromatlc hlgh spatlal
resolutlon 1mage termed the “track recovery 1mage" whlch 1s used T
. to. accurately locate each spectrometer ‘in relatlon to known - )
. x-targets.‘ Complete spectra (423 946 nm range) can "be obtalned for..
.every'pikel in a scanllne for up to 39. spectrometer llnes. in
- thlS experlment both spectral and 1mage data were collected over
'capelln schools, along W1th c01nc1dent colour aerlal photographs."
d'.CASI 1mage data were then transferred,to a PC-based image |
. processor for classification and analysis_using PCI Limited’s

‘CASl/PACE software. Spectral data were analyzed using Borstad

Associates Ltd.’s SPECPLOT(tm) software.

‘Results

Capelin schools on aerial photographs were easily identifled ,
as greyish'patches'with fluid edges. .Other'targets such as kelp
beds and rocks are generally darker than schools'and theirv.
margins tend to be more irregular; In cases where schools were A
difficult to detect imagery from the same location,-taken on
dlfferent days, was examlned to see whlch features had changed
either in shape or locatlon, these being capelln schools.

- The CASI has spectral and radiometric sensitivity-to record

. small changes to the upwelllng spectrum produced by the: capelln R

" as shown in the dlgltal colour comp051te of 001n01dent CASI 1mage.

data (Flg. 3). A ’'track recovery image’ ‘collected during a
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repeat flight over the same site (Fig. 4) shows the location of

calibrated upwelling radiance spectra which can be used to

“determine spectral s1gnatures from targets in the 'track recovery

image’. Spectral Signatures of - ‘a capelin school nearby shallow

water,- and the difference between the two are dlsplayed 1n

.Fignre 5.: Of the eight bands 1n1t1ally chosen, capelin schools
‘were clearly observed 1n~bands 1, 2 and 3 but not by.the other o

._five bands (Fig. 5)

The . 1magery was classified and enhanced to better
differentlate schools from the background. An algorithm:was
developed to estimate the area of each school by f£illing in the

school area and calculating an area (Fig. 3). School areas

"estimated from aerial photographs and frcu CASI digital imagery

collected concurrently were significantly correlated (n = 20,

df = 18, r? = .98) (Fig." 6) ' The number of comparisons was -
small, however in some 1nstances where the digital 1magery
produced higher estimates it was later observed that the schools
in the enhanced imagerylwere easier to interpret than'onvthe

photographs.

Discussion

Examination of the imagery collected during the 1989

T

'comparative survey demonstrated that we can use the CASI sensor

to COllect and record data to identify capelin schools.j Not only
can the 1magery be v1ewed as 1t is being recorded but the tapes'

can be examined immediately following each flight to quickly

Y
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assess the data quality 'Such is not the case with aerial

photographs. Because schools can be dlfferentlated from

background features on the ba51s of characterlstlc upwelllng

radlance spectra, we - now have an objectlve and rapld way to

fllter the data to select only records a55001ated w1th capelln,"

'Aschools. . This allows»us to select wider band w1dths:when.the
_survey is run in spatial mode.to collect school distribution

':data. Know1ng which part of the v1s1b1e spectrum can be"- used to

dlfferentlate schools from the background has alded in the

«development of algorlthms to enumerate ‘and. calculate schools area

~digitally. In recent assessments thls method has now replaced the

subjective and laborlous task of 1nterpret1ng aerial photographs
(Nakashima 1992) .

Having characteristic upwelling radiance spectra for capelin
schools will facilitate a reduction.in‘spatial‘bands uhich in
turn will reduce the amount of collected data and processing
time.‘ Instead of the eight spatial bands flown.in 19§9 we nou.

use four bands. Thls reductlon in the number of spatlal bands

'has allowed us to increase the spectral range whlch in turn has

permitted an increase inpdata quality. Consequently monitoring
capelin schools has become easier.and the time required for data
processing shortened considerably.

. In 1989 we were able to assign a spectral band specific to
1448 ~

'.;capelln schools which was very 51mllar, but spectrally w1der,

than the one estlmated for herrlng schools 1n March 1989 (Borstad

et al. 1992). Having similar spectral 51gnatures for two
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schoollng pelaglc spec1es suggest that the’ CASI can be used. to

survey most pelaglc spec1es w1th mlnor changes in algorlthms. At

~thJ.s stage of the development of the 1nstrument we were unable to.u.

construct an unlque spectral 51gnature spec1f1c to capelln

. schools. However recent advances in 1nstrumentatlon quallty and

more research.lnto the -relationship between.what_the spectrometer

measures and what radiance absorption levels'for capelin and.

~other fish schools are may provide an answer.

 The potential applications'for‘this instrument in

snpplementing or expanding management and research opportunities

.. for pelagic fish species may be substantial. For capelin-

'research in the Newfoundland Region, the use of the CASI has

allowed monitoring of data acquisition in real time, permitted
immediate post-flight analysis of data, provided an objective

means to enumerate and calculate areas of fish schools, and’

helped to archive data in a form which will facilitate other uses .

of school distributional data as inputs into GIS (Geographic

Information System) databases. For example, the distribution of

spawning schools may be compared in time (eg. daily, annually),
with respect to temperature isotherms, bottom topography, or the
location of fishing gears such as capelin traps.

This project~is the first field demonstration that airhorne

imaging spectrometers can be configured to detect schooling’ fish.

- Combined with the classification and enhancement capability of
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image analysis systems and rapid PC—based or workstation
analytlcal proce531ng this sensor technology has the potent1a1 to
.prov1de a cost effectlve, relatlvely easy to use tool to detect

'and measure schoollng flsh dlstrlbutlons.
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Figure 1. Aerial survey transects along the coastllne of
Trlnlty Bay and Conception Bay, Newfoundland.
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Figure 3. ~ False colour digital CASI image of cépelin schools
(left panel). capelin schools masked in red on right hand image

used . to estimate surface areas (right panel).
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Figure 4. Track Recovery Image showing the column for which

3§§g§ra in Figure 5 was selected.for capelin schools and shallow S
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Figure 6. Comparison of capelin school surface areas measured

from CASI digital imagery and from aerial colour photographs.




